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Gaylord, Mich.: “..411 maple shade trees are badly 
broken and the pop1ai.s almost wholly stripped.”--C. J. 
Franks. 

Whittemore, bfich. : “Fruit t,rees were brokeii down 
and ractica1I-y ruined, es ecially cherry trees. many of 

top branches of all shade trees were broken off.”-C. 11 
Berdeslee. 

Arcadia, Mich. : “Older fruit trees, including plum. 
cherry, and apple trees, 30 years old and older, were 90 
per cent loss in this section. A4sh,. maple, and elm trees 
are practically ruined as far as appearance is con- 
cerned.”-L. I<. Putnep & Son. 

The storm a little further north of the region of greatest 
damage is described very well by the cooperative oh- 
server at  Traverse City, hfich.,. Mr. E. J. Lidcly. He 
states: “This storm began in this sectioc :thout S p. m., 
February 21, with coarse, granular sleet. The ranules 
avera ed about one-fourth the size of n pea. ‘lfiis ccin- 
tinue nearly all day of the. 22d and at 10 ni., that 
night, it  turned to rain. About 8 to 10 inc es of t,his 
granular snow fell. After about four hours of heavy 
rain during the night of t,he 22cl and 33cl it turned cold, 
freezing a crust 3 to 4 inches t.hink on the snow. Then, 
on the 234 beginning a.bout 7 a. ni., it snowed 3 t.0 3 
inches of fine snow on the top of the crust,.’? 

Heavy snow was general in the extreme nort,her.ii 
counties of the lower peninsula and throughout t,he upper 
peninsula. The greatest depth reported was 33 in~lies, 
at Ispheming, Mich. The snowstorm was at’tended by 
strong nort-hest winds, reaching a velocity of 4G miles 
an hour a.t Houghton, Mirh., and 4 1  miles per hour st 
Escanaba, Micli. which drifted t,he snow t.0 grottt, dept,lis 
in places. The railroads were completely blocked for 
several days, as the weather con h u e d  cold t,liroughou t 
t,lie rest of. the month. 

whic 1 were broken off wit rl in 3 feet of the ground. The 
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ON THE DESIGN OF RAIN-GAGES. 
By S. P. FERGUESON. 

The following st,atement of the requisites of rilin-gagtls 
approved by the British Meteorological Office is abridged 
from an editorial having t.lie rhore t,it,le published in the 
XeIeorologicrCi! Mu.qcr.zin.c! of July, 192 1, omission liming 
been made of paragra hs relat,iiig wholly to Brit.ish usage. 

t,icularly so in America because of t.he rapidly increasing 
int,erest in t.he measurement of precipitation, and t.he fact 
that ma119 of t,he objectionable forms of wages referred 
t.0 are in use and are offered for sale in t.lie%nit,cd States 
and other Bmerican coundries: 

The existence of a large bodv of voluntary and self-equipped observ- 
ers of rainfall in  the British Ides carries with it,  among a multitude of 
advantages, the disadvrtntage that it is extreme1 dificult to eliminat.e 
the use in many cases of rain gauges of undesiiable patterns. Such 
gauges are not infrequently obtained by  persons interested in rainfall 
obaerving, but unaware of the errors to which they are likely to give 
me. The collective experience of those who have made rainfall 
observing a special study ie unequivocally in favor of the universal 
adoption of the nom-recgniaed standard patterns of rain gauge and the 
rejection of certain obsolete patterns. 

There are unfortunately price-lists, even amongst thme issued by 
the well-known makers of rain gauges, which include articulars of 
gauges which have been definitely proved to he uneuitabz for accurate 
meaaurement of rainfall. It is understood. however, that there is a 
certain market for obsolete types of rain gaugea such as the “Howard” 
and the “British Association,” which are unsatisfactory for measuring 
heav rain and snow because of the absence of the deep c lindrical 
rim %eve the collecting funnel, and are also open to other oijections. 
In the same wry the well-known “Glaieher” gauge is still frequently 
listed and sold, although it has been clearly proved to be  liable to 
develop serious errors. 
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This information is o P great value everywhere, and par- 

It t,herefore Beems d d r a b l e  that the etwntia.1 characterietics of a 
reliable rain gauge should be brietlv explained for the guidance of 
purchaaers who may not. be aware of the defects inherent i n  eome of the 
listed instrnmente. The protot,ype of the approved gauge of the 
Metenrolo+aI Office] is the “Snowdon” rain qauge. The “Ideteoro- 
logical Office’’ pattern p u y e .  the “Bradford” puce, and the “Sea- 
thwaite” gauge are vanants of this type which embody the essential 
feat,ures of the “Snowdon ssuqe, and are therefore also sat,isfactory. 
Most other gauges are unsatisfactory i n  that they do not contain the 
ement,ial feat,ures. which may be  stated aa follows: 

(1) The stout bras turned rin: terminating iipwa.rds in  R knife-edge, 
exact.ly 5 or 8 inches i n  diameter. which forme t,he rim of t,he gaiige. 
(3) The vertical cylinder 4 t.0 8 inches deep, extending from the rim 

to the upper edge of the funnel, which is intended to retain snow and 
hail. to prevent the outsplashing of rain which has fallen upon the fun- 
nel and to reduce to a minimum the risk of loss due to wind eddim. 

(31 An inner collecting ~essel!  which can he removed for mea,sunng 
the fall s i thout  dislurhinp the body of the gaiipe. Taps for drawing off 
water are ertremelv olsjectional-de. 
(4) Provision for a derit.h of at. least G inches of the lmil? t,o he firmly 

fixed ‘in t.he p-oiirid. 
(5 ’ )  Simplicit,y nf constructinn and arilidar?ce nf the use of rivets. 
( G i  Strength and durahilitv. 
(7)  .\ capacity c!f not, 1ess‘t.han 10 inches uf rain frer a daily gange. 

( i a u g e ~  for mont.hly readings should 1::e larger according to the dist.net 
in which t,hey are t.o be used. 

Drawin,p of some of the gauges referred to will IJe found in  “Rules 
frJr Rainfall 0l:servcrs.” a copy of which wdl be forwarded to anv 
addrem * * *, on applicat.ion to t,he supe;jntrlndent of the RrifiRh 
Rainfall Organization [London. England]. The Ohserver’s Hand- 
1 w J i  ” of the [Hritish] Yeteorolneiral Office niay a1.w be consulted. 

The above cmditions. 1vit.h the except.icm nf t.hat. numbered (3, 
apply generally also to self-recording rain ~ u g e s .  i t  Ixing noted. how- 
ever, that t.he diameter of t,he rim of modern 13rit.ieh recording gauges 
is iisiially either 6. 8. or 11 inches. Ctnndition (9) is most important, 
and the fnllnn.jiig furt.her desid erata apply: 

(Rj The scale values’of the chart must conform accurately wiith the 
indications of the instrument,. 

(9’) It. is desirable that, the hour lines on t.he chart should be straight 
and not. curved. 

(10) Tt is  desiralde that the smle d u e  for rainfdl shnitlrl Iw not 
less than six times the natural scale. rand that the drum should make 
a cnniplete revnliitim in 34 hours. 

( 11 J Dial gauges, tiTpiy-hucliet, a i d  elect.rical-recordiii~ rain 
~ m i * e s  are not in  genera suited to modern requirements. 

f Should the mechanism of the ,gauge include an aut,omatic 
syphon, the design and construction of the syphon requiro special 
care: the 1iahilit.y to failure of syphons is a serious drawback. 
(13) Space should be availahle inside the case of the instrument for 

the insertion of a small oil lamp or B night light to w-arm the gauge in 
fmty weather. 

hlakers of rain ga;auges could materially assist in the externliiiation of 
unilesiralde types of rain paug by refraining, iu t.he interests of science 
as well as i n  their own uhimate interest.8, from making and listing 
any iiistrumeirt which is known to be unsuitable for measuring or 
recording rainfall. 

Intending rainfall olservers, or existing ohservers who have the 
intent,ion of re-equi ping themselves with new gauges, are advised 
t.0 insist that gwds s k u i d  I-!e iccorn aniecl I J ~  certificate# of accuracy. 
These certificates not only ensure t i e  accuracy of t.he const,ruct.ion, 
).-ut also give a guarantee that. tbe puge is 1Jf t.he approved pattern. 

The writer’s long esperience ill the use of recording 
gages in New Engluncf atrid in the mountains of the 
West indicates that condition (10) may be modified t.0 
ndvltntnge when n recordin-gage for general use is 
designed. Since (11, 0.01 in& is t,he sniullest quantity 
that may be measured with reasonable accuracy and 
(z), errors of exposure, etc., often cause errors much 
larger than 0.01 inch, it will be sufficient that the instrn- 
meiit be capable of recording definitely this niininium 
quantity, a refinement easily acconi lished by the use 
of a scale of two to one or eren smal er. (See aper on 
Improved Gages for Preci itation in t,his EVTEW, 
July, 1921, 493379-386.) TEe devices referred to in 
(11) and (12) should be definitely escluded from con- 
sideration except under circunlstances where no others 
are avaihble. Their complexit,y and large cost dso are 
considerations. The tipping-bucket is useful when, for 
convenience, a record is desired at  n distanc.e from the 
collector, but requires care. Condition (13) is unneces- 
sary in weighing rain- and snow-gages. 

5 P 


